Keywords: bicaval atrial anastomosis; atrial arrhythmias; pacing; transplantation The standard surgical technique for implantation of the transplanted heart described by Lower et all involves excision of the recipient heart with division of the atrial septum, leaving cuffs of the right and left atrium and the great vessels to which the suitably trimmed donor heart is sutured. This technique is relatively simple and quick, and provides access to the anastomoses in cases of postoperative bleeding. It has the disadvantage that the atrial anatomy is distorted. Theoretical disadvantages of this distortion are that function of the tricuspid and mitral valves may be affected, as well as the atrial contribution to ventricular filling. Moreover the atrial surgery which involves substantial incision and suturing of the donor anterior right atrial wall has the potential to disturb the sinus node and produce an arrhythmogenic substrate. An alternative technique involving the use of a small left atrial cuff with anastomoses of the donor and recipient cavas has recently been described at this institution.2 We have compared our results using bicaval and standard anastomoses to determine the incidence of postoperative pacing and atrial arrhythmias.
Abstract
Background-Right and left atrial configuration is more normal when the donor left atrium is anastomosed to a recipient left atrial cuff with direct anastomoses of the donor and recipient vena cavas on the right side. The right atrium and sinus node may be less disturbed by the technique of bicaval anastomosis than by the standard procedure. Objective-To compare the incidence of atrial arrhythmias and pacing after bicaval and standard anastomoses. Methods-75 patients had heart transplants between January 1991 and December 1993. The notes were reviewed. Nine patients who died within the first 30 days were excluded from further analysis (seven patients with standard anastomoses, one with bicaval anastomosis, and one with a hybrid technique). Results-66 patients survived for more than 30 days. Thirty five patients had standard anastomoses and 31 bicaval anastomoses. Atrial tachyarrhythmias (atrial fibrillation, atrial flutter, atrial tachycardia, or supraventricular tachycardia) occurred on four days in three patients in the bicaval group compared with 27 days in 13 patients in the standard group (P = 0.009). The relative risk of atrial tachyarrhythmias with standard anastomosis was 5'52 (P = 0015) compared with that of bicaval anastomosis. Atrial tachyarrhythmias requiring treatment occurred less often in the bicaval group (four episodes in three patients in the bicaval group and eight episodes in four patients in the standard group), and fewer patients with a bicaval anastomosis required temporary pacing (pacing on 20 days in 10 patients in the bicaval group, but pacing on 49 days in 16 patients in the standard group) and late permanent pacing (no patients in the bicaval group and three patients in the standard group), although these differences were not statistically significant. Patients in the bicaval group were discharged from hospital sooner than those in the standard group (mean 24*1 v 29-1 days, P = 0.024). Values are number (%) or mean (95% confidence interval). 
Conclusions-

Results
BICAVAL VERSUS STANDARD ANASTOMOSIS
Between January 1991 and December 1993, 75 heart transplants were performed. Nine patients died during the first 30 days and were excluded from further analysis (none had atrial tachyarrhythmias). The difference between the numbers of deaths in the two groups was not significant (P = 028). Tables 1  and 2 , and the figure, present a comparison between the standard and bicaval anastomoses groups. The groups were well matched in terms of ischaemic times, preoperative transpulmonary gradient, and the preoperative use of amiodarone. The most pronounced difference was in the incidence of atrial tachyarrhythmias with significantly more occurring in the standard group (P = 0009). There were also more arrhythmias which required treatment (cardioversion or drug treatment) in the standard group and more temporary and permanent pacing, although these differences were not statistically significant. Patients in the bicaval group were discharged from hospital significantly earlier on average than those in the standard group (P = 0 024). Values are relative risk (95% confidence interval); IHD, ischaemic heart disease; IDC, idiopathic dilated cardiomyopathy; TPG, transpulmonary gradient. Table 3 presents a further analysis comparing atrial tachyarrhythmias between the two groups for the first 7 days post-transplantation. This period was subjected to separate analysis as continuous telemetric monitoring was available for all patients during this period; it is possible that some asymptomatic arrhythmias might have been missed in the later period. The results were similar to the overall analysis; 14 episodes of atrial tachyarrhythmia occurred in 10 patients in the standard group compared with one episode in the bicaval group (P = 0 006). Table 4 gives the results of the relative risk analysis for the incidence of atrial tachyarrhythmias. The only factor that significantly affected the incidence of atrial tachyarrhythmias was standard atrial anastomosis; this was associated with more than five times the risk of atrial tachyarrhythmia.
ATRIAL TACHYARRHYTHMIAS
Most episodes of atrial tachyarrhythmia occurred within the first postoperative week. Those who experienced arrhythmias did not have higher rejection scores than those who did (arrhythmia median (range) rejection score 1 (0-2); no arrhythmia median (range) rejection score 1 (0-3); P = 0 26), although in seven episodes in three patients (six episodes of atrial fibrillation and one of atrial flutter), the arrhythmia seemed temporally related to rejection.
TEMPORARY PACING Table 5 gives the results of the relative risk analysis for temporary pacing. No preoperative or operative factor caused a statistically significant increase in the risk of temporary pacing, although preoperative use of amiodarone approached significance (relative risk 3'32, P = 0 082). Standard anastomosis produced an increased relative risk of temporary pacing (1 -77), but this was not significant (P = 0-266).
DAYS TO DISCHARGE Table 6 gives the results of the univariate analysis of days to discharge. Three factors were significant: bicaval compared with standard anastomosis, rejection score, and preoperative use of amiodarone. Multivariate analysis showed that type of anastomosis and rejection score were independently associated with days to discharge; standard anastomosis and incidence of rejection were associated with longer hospital stays. PERMANENT 
PACING
Three permanent pacing systems were implanted: two ventricular and one dual chamber, (all rate adaptive). Two were implanted for symptomatic sinus bradycardia (fatigue and shortness of breath) at 38 days and 160 days, and one at 712 days for complete heart block and syncope. VENTRICULAR 
ARRHYTHMIAS
Ventricular arrhythmias were also observed. In the standard group there were seven episodes in five patients (four non-sustained ventricular tachycardia, one sustained ventricular tachycardia, and two episodes of ventricular fibrillation). There were two episodes of non-sustained ventricular tachycardia in two patients in the bicaval group. Discussion Several studies have examined the incidence of atrial arrhythmias and pacing after heart transplantation.4-'0 Romhilt et a14 studied 13 long-term survivors of cardiac transplantation. Three (23%) patients experienced non-sustained paroxysmal supraventricular tachycardia within the first 30 days, five (38%) experienced sinus bradycardia (undefined), and three (23%) subsequently required implantation of a permanent pacing system. Monitoring was by daily electrocardiograms. No atrial fibrillation, flutter, or tachycardia was documented.
Scott et al5 studied 50 patients surviving for more than 2 weeks after transplantation by continuous telemetry while in hospital. Nine (18%) had sustained atrial tachyarrhythmias (atrial fibrillation or atrial flutter) in the first 6 weeks; non-sustained atrial tachyarrhythmias occurred in nine patients and non-sustained supraventricular tachycardia in nine, although it is not clear whether these were the same nine patients in whom sustained arrhythmias were observed. In this study sustained atrial flutter was significantly associated with rejection. Bradyarrhythmias and pacing were not discussed.
Jacquet et a16 used telemetry to study 25 transplant patients (including three who died early); mean follow up was 28 days. Supraventricular arrhythmias (atrial fibrillation, atrial flutter, sustained and non-sustained supraventricular tachycardia) occurred in 11 patients (44%). Ten (40%) patients required temporary pacing. Two patients (8%) required permanent pacing for sinus node dysfunction. No relation between atrial arrhythmias and rejection was demonstrated.
These studies indicate an incidence of atrial tachyarrhythmias soon after orthotopic heart transplantation of between 18 and 44%. Jacquet et a16 reported an incidence of 44%, using definitions and monitoring similar to those of the present study. We observed an overall incidence of 24%, with 38% among patients having standard anastomoses and 10% among the bicaval group. The incidence of AT in our standard anastomosis group is comparable with that ofJacquet et al. 6 We sought an explanation for the incidence of atrial tachyarrhythmias in terms of proximity to the operation and relation to rejection. Arrhythmia occurred within 1 week after operation in most patients (69%) with abnormal rhythm. Arrhythmia was temporally related to rejection in only three of 16 patients (19%), in two of whom arrhythmia occurred after the first week. Seven patients required treatment for atrial tachyarrhythmia, which occurred in the first week in four and was related to rejection in one (although this patient experienced two episodes, each requiring treatment). Rejection scores of those patients who had arrhythmias were not significantly different from those who did not. This does not support a general association of atrial tachyarrhythmias with rejection, though previous reports5 have emphasised that sustained atrial flutter is the arrhythmia particularly associated with rejection. We observed only two episodes of atrial flutter, one of which required treatment and was related to rejection.
Previously described rates of 38% for early bradycardias4 or 40% for temporary pacing6 are similar to 39% that we observed for temporary postoperative pacing (bicaval 32%, standard 46%), but bradycardias were not separately documented as we considered that this would have been unreliable in a retrospective study. Early pacing was well documented, and any significant bradycardia is likely to have been treated by pacing.
Reports of the need for permanent pacing after heart transplantation vary from 8% to 21% of patients.f9 These differences may in part be explained by initial concerns that, after transplantation, patients with sinoatrial disease have a poor prognosis and that early pacing should be undertaken.'0 This has not been supported by subsequent experience and our policy has been to avoid implanting permanent systems, if possible, until at least 3 weeks have elapsed. Our overall rate of permanent pacing was 5% but all three of these pacing systems were implanted among the standard anastomosis group giving a rate of 9% in this group, comparable with 11% cited in two recent studies.8 9 We identified anastomosis type and rejection score as significantly and independently associated with length of hospital stay; patients in the bicaval group had a shorter hospital stay as did patients with fewer rejection episodes. The finding that patients with more rejection episodes had a longer hospital stay accords with general experience, as such patients are detained until satisfactory control of rejection is achieved (regardless of their clinical condition in other respects). The shorter hospital stay of those receiving bicaval anastomosis suggests that the superior atrial configuration (right and left) resulting from this technique is important. The lower incidence of tachyarrhythmias which we have demonstrated may contribute to the superiority of this procedure, but it is more likely to be related to superior ventricular filling and a reduced tendency to mitral and tricuspid regurgitation which might be expected with this technique and which has been described with the combination of bicaval and pulmonary vein anastomoses.11 12 This probably confers a small but important advantage for patients who are delicately poised between recovery and complications. While we are cautious in accepting this finding it has potential importance for patients and hospital costs associated with the operation. We note that other studies on variants of anastomotic technique have not assessed discharge time"I 12 and we suggest that this may be a useful early marker for a clinical benefit which may otherwise be difficult to define using relatively small numbers of patients.
In considering other variables which might have influenced the occurrence of bradycardias or tachyarrhythmias, we examined the influence of preoperative use of amiodarone. A previous study has reported an increase in postoperative pacing requirement after transplantation when the recipient received preoperative amiodarone."3 We also found that a higher proportion of those who received amiodarone required pacing than those who did not and that preoperative amiodarone conferred an estimated relative risk of temporary pacing of 3-32 compared with those not given amiodarone; this was not significant but there was a highly suggestive trend (P = 0082). Patients who received amiodarone also had a lower relative risk of developing atrial tachyarrhythmias, although this was not statistically significant (table 4) .
Other groups have described modification of the standard technique of transplantation with the use of "atrioventricular""l or "total orthotopic" transplantation'2 14; the technique in each case consists of bicaval anastomosis combined with separate anastomosis of the pulmonary veins. In the study of Kendall et al I the technique was found to reduce tricuspid incompetence but no functional improvement in patient status was shown and the technique was considered more technically demanding without important advantages; the occurrence of arrhythmias was not reported nor was the length of hospital stay. Czer et al'2 reported elimination of symptomatic bradyarrhythmias requiring the use of a permanent pacemaker, as well as a reduction in mitral and tricuspid regurgitation. The principal disadvantage of these techniques compared with that we have described is that there is little access to the medial aspect of the pulmonary vein anastomoses in the event of postoperative bleeding.
In a recent study of three cases Czer's group '5 have also recently described a bicaval technique identical to that which we have described here (and previously reported elsewhere2 16) and commend its simplicity and potential advantages.
This study has a number of limitations. The allocation of technique was not formally randomised; data were collected retrospectively; continuous monitoring was not employed throughout the period (although telemetry was used for all patients during their intensive care and early postoperative period, together with accurate and detailed recording of cardiac rhythm and pacing, as well as recording of events of clinical importance). Despite these concerns examination of the two groups for factors likely to affect the variables of interest reveals that they were well matched. It is likely that valid conclusions can be drawn about differences in the events studied between the two anastomotic techniques.
In summary we have shown a significant decrease in the incidence of atrial tachyarrhythmias with the technique of bicaval anastomosis and a significant decrease in days to discharge. Moreover, the need for permanent and temporary pacing and treatment of atrial tachyarrhythmias were also less in the bicaval group, although they were not statistically significant. These observations support the hypothesis that the sinus node is at less risk from this surgical approach and that a less arrhythmogenic atrial substrate is created.
